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ABSTRACT 

Thin squeeze films of lubricatins oils were lnvesti- 
gated under low shear rates, The oils were squeezed bee 
tween two circular mirrored discs under light static loads, 
The variation in thickness of the films with time was ob- 
talned by interferometric measurement. Data for films be- 
tween 17 microns and one-half micron in thickness was ob- 
tained, Evidence of increased viscosity was observed in 
films up to nine microns in thickness. The thickness at 
Which increased viscosity was observed did not vary with 
load or shear rate, but did depend upon the oil, character 
of solid boundary, and size of the squeezing surfaces. 

Stable film thicknesses which varied inversely with 
load were observed for oils left under load up to 72 hours, 
The stable films recovered slowly in thickness upon re- 
moval of portions of the load, 

The experimental work was performed at the U. 5S. 
Naval Postgraduate School, Monterey, California during 
the winter and spring of 1959. 

The writer expresses his appreciation to Professor 
Ernest K. Gatcombe of the U. S. Naval Postgraduate School 
for his advice and encouragement. Thanks are also due to 
Professor Gilbert F. Kinney for his assistance, and to 
Mr. Robert C. Moeller of the Postgraduate School for the 


preparation of the mirrors used in the investigation. 
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Ll. introduction, 

The fundarientals of hydrodynamic lubrication were es- 
tablished by the pioneer work of Osborne Reynolds in 18386, 
Hydrodynanic theory has been a powerful tool in the analy~ 
Sis of lubricant action. However, under a great many cone 
ditions of operation, full hydrodynamic lubrication cannot 
be maintained. This is especially true where the thickness 
of the lubricant layer separating adjacent parts is very 
small. Under these conditions, lubricant behavior may well 
depend on properties other than the bulk viscosity alone. 

In the application of simple hydrodynamic theory to 
the flow of liquids, it 1s generally assumed that a layer 
of liquid adjacent to the solid boundaries is held immobile. 
There is considerable experimental evidence that such a lay- 
er does indeed exist. Furthermore, the thickness of this 
immobile layer appears to be appreciably greater than that 
of a lubricant molecule. If this is true, then it might be 
expected that the behavior of a very thin lubricant layer 
would be greatly influenced by the properties of the boun- 
dary layer. Investigations of boundary Ness nay furnish 
the basis for a theory which would be valid where convention- 
al hydrodynamic theory does not account for lubricant ac- 
tion, 

Investigations into the physical chemistry of lubri- 
cants have shown that, under certain conditions, adsorption 


can take place at a solid boundary, with a preferential 


, 





orientation of ‘epaiaent molecules near the boundary (1,2). 
It has also been found that low concentrations of certain 
polymerizing agents can exert large effects upon interfac- 
lal activity without noticeably affecting the bulk proper- 
ties of the lubricants. 

The data of Gatcombe, Hunnicutt, and Kinney (3), Tausz 
and Sazekely (4), and others (1), show that the apparent vis- 
cosity of lubricating oils increases near a solid boundary, 
and that reduced mobility exists in a layer of appreciable 
thickness. The effects observed by these investigators can- 
not be fully explained by the presence of dirt or surface 
asperities because polymeric lubricants show a sreater boune 
dary layer thickness in which increased voscosity exists (5). 

In the investigations referred to above, the results 
seem to be a function of the metnods employed in thelr de- 
ternination. The means of measurement, surface asperities, 
and foriegn matter on the surfaces or in the lubricants may 
all have contributed to differences in the data obtained. 
The detection of immobilized layers also seems to be depen- 
dent upon the shear or shear rate employed. This might be 
of primary importance, since the maximun shear stress at 
which a boundary layer of yiven:thickness can be observed 
may be a measure of its mechanical strength and practical 
Slenificance. 


It was the purpose of this investigation to attemp+ to 


shed more light upon the behavior and properties of lubri- 














cants in thin films. The experimental equipment employed 
Yor this purpose limited the range of shear and shear rates 
attained to low values. While this limited the scope of 
the investigation, it 1s believed that the data compiled is 
useful as a piece of basic research in boundary lubrication, 
and may find application in situations where low shear rates 
are encountered. 

The method of investigation consisted of squeezing 
lubricating oils between flat surfaces under the action of 
dead weights. The decrease in the thickness of the lubri- 
cant layer with time was obtained by optically measuring 
the separation between the solid surfaces. The behavior of 
the lubricant under these conditions was then co.:pared 
with the predictions of simple hydrodynamic theory. 

2. Apparatus. 

The lubricant to be tested was placed between two 
discs of optical glass which comprised a type of Fabry-~ 
Perot interferometer. The lubricant was loaded by weights 
acting through a circular knife edge as shown in Fig. l. 
The flat surfaces of the discs were ground and polished to 
within one-tenth of the wavelength of visible light, or ae 
bout 0.05 microns. The surfaces adjacent to the lubricant 
were mirrored by coating them with a thin film of metal by 
means of thermal evaporation. 

Two sets of interferometer discs were used in the ex- 


periments. One set had a radius of 0.50 inches or 1.27 
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centimeters. The mirrored surfaces of these discs were 
coated witn silver. A thin film of calcium fluoride was 
evaporated over the silver to protect the surface from oxi- 
dation and abrasion. As freshly prepared, the upper (moving) 
dise exhibited 43% transmission of incident light, and the 
lower disc transmitted 48% of incident light. The total 
coating thickness, as freshly prepared, was estimated to be 
about 0.05 microns or less (6). 

The other set of interferometer discs had a radius of 
0.575 inches or 0.955 centimeters. These dises had been us- 
ed extensively in a previous investigation. The mirrored 
surfaces were coated with aluminun, fhe transmissivity and 
coating thickness were estimated to be approximately the same 
as for the silvered mirrors. 

An approxinately parallel ligkt beam from an incandes- 
cent source was passed througn the interferometer at about 
nornal incidence to the mirrored surfaces. The beam was 
then directed upon the slit of a prism spectrometer through 
a system of reflecting prisms and lenses as shown in Fig, l. 
This produced a "channeled" spectrum in which interference 
fringes appeared equally spaced. 

By means of a comparison prism mounted in front of. the 
spectrometer slit, a reference spectrum from a mercury lamp 
was superimposed upon the interferometer spectrun. The apes 
pearance of these two spectra in the objective of the spec. 


trometer telescope is illustrated in Fig. 2. 














To facilitate gathering data, the experimenter talked 
his opservations into a tape recorder. The tape was played 
back wnen convenient and the times of the observations were 
noted, 
>. kxperimental Procedure and Data Reduction, 

At the comnencement of a run, the experimenter placed 
an oil film between the interferometer discs and placed the 
desired load upon it. The vertical cross-hair in the spece 
ere Sieacone was set on the green line of the mercury 
yeference spectrum. The experimenter said "mark" into the 
recorder microphone as each brignt fringe of the interfero- 
meter spectrum passed the vertical cross-hair. The horizon- 
tal cross—hair was adjusted to bisect the interferometer 
spectrum so that readings could be made at the same point 
on each fringe, wheter or not it was strictly vertical. 

When the movement of the fringes was imperceptible, the 
experimenter counted the number of dark fringes (N) between 
the blue and green mercury lines by making several travers- 
es of this area using the horizontal adjustment screw on the 
Spectrometer telescope. 

This primary data was reduced to give film thickness 
versus time by means of the relations derived below: 

The path difference between successive beams in a para- 
liel mirror interferometer is enh cos ©, where 7] is the in- 
dex of refraction of the medium separating the mirrors, h 


is the mirror separation, and 8 is the anssle of incidence 
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of the light (6). For normal incidence, each beam has a 
phase lag 5 given by: 
f Zir- als 
where A is the wavelength. Maximum transmission occurs 
where ) = ein, where n is an integer. Thus, if a bright 
fringe is transmitted at the wavelength of the green mercury 
line (0.5461 microns) at a time t: 
0.5461 n= 2” A(t) 
If the interferometer gap h is steadily closing, abright 
fringe will again be transmitted at this wavelength after 
a time interval At. Thus: 
o546/(n-1) = 2y A(t rat) 
During the time at, h has decreased by an amount 4h » h(t) 
-~ h(t+ At), or 
Aig - 0546/27 ee eee 

This is the change in thickness during the time for succes- 
sive bright fringes to cross the mercury green line. 

if h is constant, and a brisnt fringe is transmitted 
at 0.5461 microns, 0.5461 n = ene If N is the number of 
dark fringes between the mercury green line (0.5461 microns) 
and the blue mercury line (0.4358 microns), the fringe order 
at the blue mercury line (n + N) is related to h by: 0.4358 
(a+ HW) = exne Therefore, the interferometer gap h is re- 


lated to N by: 
(0546/ X0.4358)N _ ar as LOTEB yy 


2Y (A546/-O4958) 


o é ecanets. 0 suet 





The thickness of the oil film for the final data point 
of each run was computed by equation 2. The preceding thick- 
nesses were calculated by successive additions of h as come 
puted by equation l. 

Equation 2 is not strictly accurate when applied to 
Sllvered mirrors, There is a phase change of light at the 
Silver reflecting surface which depends upon wavelength. 
Thére is no appreciable effect in the green region, but 
fringes transmitted at the blue end of the spectrum may be 
displace perhaps two-tenths of a wavelength. The fringe 
Spacing, 18 consequently slightly wider at the blue end of 
the spectrum than it is in the green region. This effect is 
not present when the reflecting surface is aluninun, 

4, Preparation of O42 Pilms. 

No attempt was made to purify the olls used, except that 
the #10 S. A. E. oil was centrifuged for 30 minutes at 10 
gravities by the supplier. 011 properties are tabulated in 
Appendix I. Each sample was stored in a screw-top can and 
handled only under a hood fitted with an exhaust blower. 
Sanples were transferred with a ploette degreased in trichlo- 
roethylene vapor. 

Before applying o11 to the interferometer surfaces, the 
mirrors were bathed in benzene and then vapor degreased in 
trichloroethylene under the hood to remove dirt and any re- 
Sidual oils from previous runs. When the interferometer was 


not assembled, the discs were always kept and transported in 








in covered Petri dishes. After cleaning, the discs were 
examined under the microscove using light at grazing in- 
cldence. Any foriegn particles which could be detected 
under 25 magnifications were removed with a clean camel's- 
hair brush. This microscopic examination was abandoned for 
the last eight runs with the silvered mirrors when experi- 
ment indicated that the data could be reproduced without 
taking this extra precaution, 

When the mirrors were clean, a drop or two of o11 was 
placed upon the bottom mirror. The interferometer was as- 
sembled immediately, placed in the apparatus, and data take 
ing commenced. 

5. Data Analysis. 

It was desired to compare the behavior of the lubri- 
cants tested with the behavior predicted by the hydrodyna- 
mic theory. A solution for the flow of liquid between two 
parallel surfaces approaching each other was advanced by 
Osborne Reynolds (7,8). This solution was adapted to ana- 
lyzing the experimental data. 

Referring to Fig. 3, the Navier-Stokes equations can 


be simplified to: 
°P/52 = 0 


PA, a Toye eeseucewee3 


wnere flow takes place between two planes bounded by the 
curve x“+ y* « R¢, p is the average pressure at a point, Ve 


is the viscosity of the fluid, c is the (radial) velocity 
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in a olane perpendicular to the zeaxis, and z and r are co- 
ordinates illustrated in the figure. To reduce the equations 
to this form, the flow velocity in the zedirection has been 
neglected as compared with the velocity of radial flow. Al- 
SO, the second derivative of the radial velocity in the x or 
y-directions has been neglected. The fluid viscosity has 
been assumed to be constant, and the fluid treated as being 
incompressible, 

Equation 3 can be integrated directly, using the boun. 


dary conditions that ec = 0 for z #*th/2: 
-+ 2 7z2-h 
fs 2h Sp (A 4) 


The volume of liquid swept out in a time interval At is: 
"% 


aV= pee cde at = wr - at 


"% 
/ r dh 
or, - = 2 x |e Ade = 3 Gt 


% 
we. oer 


or Ay 


The pressure clair geen is, then: 


R 
- | Bar = & a pdr = Be DB gtr2) | y 


50 that the total force ex one by the fluid upon the upper 
disc is: 


RK 
k 
P= lp. anrdre = Gh Belerrt)rdr~ - BEE 2p 


te 





if the upper disc is descending under its own weight 
W, its acceleration can be neglected. Equating W to P: 


Ah - = 2 ee ype 
1 haga YT [LR Te eS 


dn?) 4awW 
dt BR ft © aaecens ++ >A SMe 


Equation 6 states that a plot of time against inverse 
film thickness squared will. be a straight line whose slope 
depends upon oil viscosity, load, and radius of the discs, 
These plots were made as part of the data analysis, 

6. Experimental Errors, 

One source of experimental error results from the fact 
that the interferometer spectrum 4s very sensitive to small 
deviations of the mirrors from parallelism. The result of 
Such deviations is to slant and warp the fringes away fron 
the horizontal. Often, the fringes observed made angles of 
45 degrees or more with the vertical. This made accurate 
estimation of primary rate data and final film thicknesses 
more difficult by effectively increasing the width of the 
fringes in the horizontal direction. If there were many 
fine fringes, the fringe slant was not troublesome in observ- 
ing the time a bright fringe passed the mercury green line. 
But when the fringes were few and broad, the possible error 
in estimating the total number of fringes included between 
the green and blue lines of the mercury spectrum was as much 


as two-tenths of a fringe at times. This held especially 
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true under heavy loeds, because the fringes were fewer in 
number, end the brisht and dark fringes were wider. The sil- 
vered mirrors gave sharper contrast between bright and dark 
fringes. Consequently, the spectrum from these mirrors was 
more easily and accurately read. 

However, in another respect, the silvered mirrors were 
inferior to the discs coated with aluminum, The fringes 
were not evenly spaced due to a phase change at the silver 
reflecting surface which varied with wavelength. This has 
been mentioned in section 3, Interference fringes in the 
blue region of the spectrum were spaced more widely than in 
the green region, The difference in separation varied in~ 
versely with the number of fringes, and led to a maximum er- 
ror of perhaps two-tenths of a frinse in estimating the to- 
tal number between the mercury reference lines. 

The combined effect of the two sources of error discus- 
Sed above was to produce a constant error in the film thick- 
nesses calculated for any given run varying from about 0,08 
microns for light loads up to about 0.30 microns for heavy 
loads, 

Due to the difficulty in reading the interferometer 
spectrum for the reasons given above, and to the use of voice 
and tape recorder to take the data, a slight error in the 
times of observations was introduced. This error was not 
more than two seconds between any two data points in a giv- 


en run, In the initial phases of a run, where the velocities 
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were greater, this error was not more than one second. No 
difficulty was experienced in timing data points at half-sec- 
ond intervals, 

Another source of error arose from the condition and 
cleanliness of the mirror surfaces, The silver mirrors show- 
ed marked damage after the first four runs, with continuing 
lesser damage afterward. Most of the damage seemed to occur 
when the discs were separated for cleaning. Areas of silver 
were Stripped off, leaving valleys and ridges. The aluminun 
hirrors had seen use in previous work and were damaged from 
the start. It was impossible to ascertain whether subsequent 
use removed any more aluninum. Fizs. 22 and 23 show the nir- 
ror surfaces upon completion of the experiments, The sur- 
face damage did not confuse the spectrum, The effect upon 
lubricant flow is discussed in section 8, 

Te Description of Results, 

Figures 4 through 10 present the data representing the 
transient behavior of the o1193 tested. These data are plote- 
ted as time versus the square of the inverse oil film thick- 
ness for comparison with the hydrodynamic theory solution, 
From equation 6, these curves are predicted to be straight 
lines, with slopes proportional to the load. For a given 
oil between a given set of discs, the slope should be inverse- 
ly proportional to the load upon the oil film. The initial 
portions of these curves indicate general agreement with the 


hydrodynamic theory solution. However, at some point, the 


1 


curves deviate upward from a straight line. This increase 
in Slope indicates an increase in the apparent viscosity of 
the oils. The curves all tend toward an infinite slope, in-« 
dicating that the oils approach a "stable" film thickness 
Which appears to vary directly with the load intensity. 

By plotting these data curves to a much larger scale, 
a more interesting phenomenon 4s evidenced. Figures ll 
through 20 show "blown up" sections of the time - (1/h®) 
curves. With very few exceptions, the "knee" of the curve 
is the same value of (1/h“) for a particular oil in a par- 
- ticular interferometer. This point of apparent increased 
viscosity will be dubbed the "critical" film thickness hg. 
Lt will be noted that for a given oil he is independent of 
the load. The following table summarizes the data read 


from Figures 11 through 20: 


TABLE I 
"CRITICAL" FILM THICKNESSES, Ho 
O41, SAE Mirror Radius of (1/h,°) x 107° he 
Number vurface Mirror _2 
(cm, ) cm. (microns) 
10 Silver Laer 4.75 4.58 
20 e - % 00 5.76 
30 . id 2.85 5.92 
50 ° . 1.60 7 o9O 
20 Aluninum 0,953 2.60 6.20 
40 ‘ “y 1.90 heed 
50 7 : Lwes 8.93 


Load Range (Silvered Discs): 105.5 to 1176.8 en. 
Load Range (Aluminized Discs): 95.8 to 169.7 em. 
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A series of exverinents were conducted to determine the 
stable film thickness obtained for various loads. The data 
is presented in Fig. 21, which gives the stable film thick- 
ness as a function of nominal load pressure. The nominal 
load pressure was computed as the total load divided by the 
Surface area of the mirror in contact with the oil. The loads 
embrace the range used in the transient behavior tests, and 
include some heavier loads. The data is tabulated in App. III. 

To obtain stable values, oil films were left under 
load for periods varying from one hour to 72 hours. As 
well as could be determined, stable thicknesses were reach~ 
ed in ¢+wo hours or less. For some data points, freshly pre- 
pared o11 films were used. Other stable thicknesses were 
obtained by adding loads to oil films which had already at- 
tained a stable thickness under a lighter loading. 

The data in Fig. 21 shows considerable scatter. Howev-~ 
er, it can be seen that the stable film thickness decreases 
for heavier loads. The stable values lie in the range from 
one~half to two microns for the most part. Tne possible er- 
rors in measurement discussed in the preceding section make 
it impossible to clearly distinguish the effects of oil vis- 
cosity, type of metal surface, or geometry of the surface. 

Upon unloading these stable films, “relaxation” akin 
to the memory of plastics was observed. That is, the oils 
sow y recovered a portion of their original thicimness. 


Most of this recovery took place in ten minutes or 80. 
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TABLE II 
RELAXATION (BULK RECOVERY UPON RELEASE OF LOAD) 


Oil, Mir- Mass of Nominal Stable Relaxed Time THick- 
YAR ror Load Load Film to Opserved ness 
No. (ga.) Pressure Thickness 

(psi) (microns) (psi) (min, } (microns) 
20 Al 2a. L 11,38 OTS 0,05 4hnrse lew S 
50 Ag 2684.8 Te5d 1.6 0.30 Tenrs. 1.52 
50 Al eet Sel 11.38 0.f2 @ a5 10 1.09 


To check upon the stable film thicknesses obtained, 
the interferometer was assembled, after cleaning, with no 
oil film inserted between the mirrors. As the data in Table 
Lil indicates, the mirrors showed a large separation, even 
under load. When loads were removed, the mirror separation 
became wider. However, this recovery took place instanta- 
neously. No gradual relaxation could be detected, although 
the mirrors remained up to two hours under load. 
TABLE III 
INTERFEROMETER BEHAVIOR WITHOUT OIL FILM ON MIRRORS 


Mirror Radius Load Mass Interferoneter Gap 


102.5 Ge 

Silver Leet 1176.48 | 
CMe 2684.8 " 

loins ™ 
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These results were consistently reproducible, even 
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after the mirrors were meticulously cleaned and showed no 
foriegn particles when examined under 25 magnifications 

with light at crazing incidence. However, subsequent ex- 
amination using a metallurgical microscope and 100 magnifi- 
cations revealed some foriegn matter with dimensions of per- 
haps one to two microns. Surface asperities could not be 
seen clearly. Figs. 22 and 25 are photomicrographs of the 
mirror surfaces magnified 100 times. 

The interferometer gap measured without oil between the 
mirrors is sreater at all loads than the stable oil film 
thicknesses optained. It seems probable, therefore, that 
the oil floats gut dirt and permits the mirrors to approach 
one another more closely. 
8, Discussion of Results. ~ 

The significance of the results presented in Figs, 11 
through 20 (plots of time versus inverse film thickness 


squared) depends upon the validity of equation 6: 


AYa?) . 4W ETP ateks Gloves 0 0 a 00 
dt BI RF 


All of the assumptions as to the character of the flow 
which were made in deriving equation 6 are opem to ques- 
tion, particularly when the film thickness is quite small 
and surface asperities and/or foriesn matter could exert 
large disturbing effects. However, the slopes of the 
Btralght line portions of the plots follow the predictions 
of the equation reasonably well. Also, the point of devia- 


tion from the straight line follows a regular pattern 








The deviation of these curves from a straight line 
cannot be attributed to elther pressure or temperature ef- 
fects. The maxinum pressure can be calculated by combining 


equations 4 and 5: 


Wit ass 6a ae 


ee 
pe ts Ge er) 


a 20a 3 
dt * Sth FR inne eee oe 
-2W 


Pmax. ~ Tie i be siebsieloecetctstelwisvene ¥ ( 


The value given by equation 7 does not exceed seven pounds 
per square inch for any run. The effect of such a low prese 
Sure in deforming the solid surface or in changing the vise 
cosity of the oil can be neglected. 

The temperature rise of the oil que to viscous heating 
can be estimated by assuming that all of the work done in 
Squeezing the oil to a stable thickness is absorbed as heat 
by the volume of 041 remaining. The work done per unit vol- 
ume is ~ Puax She Using a maximum value for the average 
pressure of five pounds per square inch, a total chanse in 
thickness Ah of 30 microns, a stable thickness h of one-half 
ever, a specific heat cp of 0.5 Btu/lbm.-F., and an oil 
density p of 53 lbn/ft.?, the maximum temperature rise is 


estimated to be: 


- _Kavg AN | (6 x 144 ) * 30 _ 
AT ac Co pf Cm OF * 0.9 2 2°r 


v 
20 








The estimate is generous and can be safely neglected as far 
as temperature effects on viscosity or refractive index go. 

It can be stated then, that the lubricants tested ex- 
hibited a departure from hydrodynamic behavior in film thick- 
nesses of about four to nine microns. The chanse in behavior 
indicated an increase in viscosity. The heavier oils exhibit-~ 
ed this phenomenon at greater film thicknesses than the 
lighter oils. Oils tested between aluminum surfaces of 
smaller surface area exhibited this behavior at sreater film 
thicknesses than those tested between silver surfaces of 
greater surface area. However, the magnitude of the differ. 
ences involved is about the same order as that of the possi- 
ble errors in measurement. Still, the effect is consistent, 
and may be due to geometry, surface material, or surface 
roughness, Dirt effects and surface asperities which may 
have contributed to this phenomenon would, of course, be exe 
pected to be present under service conditions. The depth 
at which increased apparent viscosity is detected is inde- 
pendent of shear or shear rate in the range employed in the 
tests. This may be an indication that boundary conditioned 
layers several microns in thickness exist at all times, and 
do not forn just when the total lubricant thickness is re- 
duced under the action of a load. 

Deryaguin and his associates (5) have proposed a two- 
term law of static friction in which the friction force de- 


( 


pends upon both the load and the area of real or molecular 


ent 





contact. Others, such as Bowden and Tabor (9), hold the 
view that only the area of molecular contact influences the 
friction force. If the coefficient of static friction is 
connected with a boundary~conditioned layer, the edge of 
Which 1s indicated by the characteristic "knee" in the time- 
(1/n) curves, the invariance of the layer thickness with 
load does not coincide with the theories of Deryasuin un- 
less the properties of the boundary layer vary with changes 
in load, 

Deryaguin (5) states: 

The resistance to shear is brought aboyt by a normal 

load on the film, and appears and disappears with the 

load. 
This assumed property of the boundary film reconciles the 
inferences above with the two-term friction law Deryasguin 
proposed, 

Each of the oils tested reached a stable film thickness 
which varied inversely with the load. These stable films 
exhibited a "relaxation" or recovery upon release of load. 
The term "relaxation" as used herein refers to a bulk pro- 
perty akin to the memory of plastics, and not to atomic or 
molecular phenomena to which it is sometimes applied. The 
bachmey with which these stable film thicknesses were meas- 
ured does not permit conclusions to be drawn as to the ef- 
fect of type of oil, surface roughness, foriegn matter, or 
geometry upon the stable film thickness attained, Any or 


all of these factors could conceivably affect the results. 


one 





The thinnest stable film thickness observed was about 0.7 

microns under a load of about five pounds on a surface of 

O.44 square inches, This ‘nice semeal well be about the 

same aS that of surface asperities and/or included foriegn 
matter. 

In comparing the results of these experiments to those 
obteined by other investigators, it should be borne in mind 
that the o1185 were included between two solid surfaces. 
That 18, two boundary layers are present, one at each sur- 
face. The film thicknesses referred to in this paper might 
thus be expected to be sreater than those found by experi- 
ments in which only one Solid boundary is involved, 

9. Summary. 

In summation, the oils tested showed a behavior which 
indicated increased viscosity in thicknesses from 0.7 to 
nine microns under the special conditions of the tests. 
fhese thicknesses are greater than those observed by most 
other investigators. These results were obtained for oils 
Squeezed between two solid boundaries under low shear and 
Shear rates, Factors which influence this phenomenon may 
be: 

(a) Weight of oil. t 

(b) Foriegn matter. 

(c) Surface roughness. 

(ad) Surface material 


(e) Geometry. 





The thickness of the layer of increased viscosity showed 
no variation with shear or shear rate. 

The engineering significance of what appear to be 
boundary~conditioned o11 layers may depend upon their ex- 
istence and properties under heavy loads and under dynamic 
conditions of loading. They probably influence lubricant 
behavior at low shear rates, and affect static friction be- 


tween lubricated surfaces. 
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Figure 22, Photomicrograph (100 x) of silver mirrors upon 
completion of experiments. Dark areas are 
Glass. Lightly shaded areas are not on the 
Silver surface, but are due to imperfections 
ln the photographic plate emulsion. 





Ficure 23. Photomicrograph (100 x) of aluminum mirror 
upon completion of experiments. Dark areas 
are glass. 
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APPENDIX I 


PROPERTIES OF LUBRICATING OILS 


Oil, S. Aw &. Temperature, Viscosity, Index of 
Number Degrees F, Centistokes Refraction 
100 34503 _ 
210 5.42 = 
20 T3040(2346—) - 1.4870 
100 74.0 -- 
210 leg il Pa 
30 13.4) 23.) ~ 1.4870 
50 73040( 23ae.)) - 1.4900 
LOO 240.1 = 


Wote: No additives in any of the oil samples. Number 10 
S. A. E. Oil was centrifuged for 30 minutes at 10 ¢. 


Supplier: Shell Developement Company, Emeryville, Research 
Center, California. 
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APPENDIX If 
TABULATED DATA ON TRANSIENT BEZAVIOR OF LUBRICATING OILS 


Gils #10 S. A. Bs n = fringe order 

Mirror Radius: 1.277 cm. N = total number of frinzves 
Mirror Coating: Silver with CaF between Meroury blue and 
Ambient Temperature: 22 C. zreen lines 

Mass of Load: 105.5 gm. 


h (ine) x_307° t E 
(microns) (cm. e (sec. ) a 
9.600 1.09 0 0 
9.418 1.13 al il 
9.2235 nb! 2 2 
92052 eee 3 3 
8.869 Payee 4 4 
8.503 1.38 6 6 
8.320 1.45 ‘i T 
oi hey Dek 8.5 8 
10954 1.53 0 9 
ae aL ete 12 10 
72588 tee 14 sak 
7405 ligoe 16 12 
Heeec 1.92 18 13 
72039 2602 20 14 
6.356 Zeiss 22 ins 
6.073 2ace 25 16 
6.490 2.30 28 17 
6.307 252 3.5 18 
Ganed 2 0 35 19 
5.941 2.23 39 20 
Met Do 3.02 43 BAA 
Dao) See 48 22 
eae 3-44 53-5 e3 
5-209 3.69 59.5 24 
S020 4.00 66.5 an 
4.343 4.27 14 26 
4.660 4.61 82 oT 
Aeei | 4.99 2) es. 28 
4.294 5-4 103 29 
oP, Vea 5092 116 30 
3.928 6.48 los BL 
3.745 713 143 32 
3.562 Tee 170 33 
Son by 3.76 BSN 34 
3.196 9.79 25a 35 
5.013 EE Og 286.5 36 
Cegel live By ii 36.5 
Pe 330 12.4 428 a4 369 








APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Oils #10 S.A. 5B. 

Mirror Radius: 1.27 cm. 

Mirror Coating: Silver with CaF 
Ambient Temperature: 22.7 C. 
Mass of Load: 283.4 gem. 


n= fringe order 

N = total number of frinces 
between Mercury blue and 
ereen lines 
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h (1/n*) x,107° t - 
(microns) (om. “) (sec. ) — 
Tegel 1.79 O O 
7.288 ews. l i 
T2105 1.98 2 a 
6.922 2.09 3 3 
6.739 2ecel 4 4 
6.556 2033 5 y) 
6.373 2246 6.5 6 
6.190 Peon 8.5 i 
6.007 Coll 10.5 8 
5-824 CE i 2 9 
5-641 3-14 14 10 
5-453 3236 16.5 aa 
50275 3.59 19 12 
5-092 3.36 el 13 
4.909 4.15 24.45 14 
4.726 A,48 28 ILS 
4.543 4.55 32 16 
4.360 5626 3665 ei 
4.177 513 41.5 18 
3.994 6.27 475 19 
Baie 2 7260 61.5 all 
3445 8.43 71.5 22 
Be zoe 940 82.5 23 
3-079 10.55 96.5 24 
2.896 11.96 112 25 
Cen Le L367 140 26 
ee oy call 14.56 17365 26.5 
26576 15.08 236 26.75 Bo) 





APPENDIX II 


TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Oil: #10 S. A. E, n = fringe order 
Mirror Radius: 1.27 cm. N = total number of fringes 
Mirror Coating: Silver with CaF between blue and green 
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Ambient Temperature: 23.4 C. Mercury lines 
Mass of Load: 419.2 om. 
h (1/h*) x,107° t . 

(microns } (com. (sec. } - 
5-776 3.00 0 0 
52593 3.20 il a 
5-410 3.42 2 eC 
5.227 3.66 365 3 
5.044 3.93 5 4 
4.861 4.23 7 5 
4.678 4.56 9.5 6 
4.495 4.95 12 7 
4.312 5-38 5 8 
4.129 560T 19.5 g 
3.946 6.42 24.5 10 
3.763 7.06 So.) ll 
3.580 7.80 ep 12 
3-397 8.66 AT.5 13 
3.214 9.68 60 14 
3.123 N82) 245) 68.5 ee) 
3.031 10.88 19 15 
2.940 11.57 Tate} LS 
2.848 12.33 113 16 

2. (57 13.16 197 vee. 360 





APPENDIX If 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Oils #10 S. Ae ne«= fringe order 


Mirror Radius: 1.27 cm. N = number of frinses 
Mirror Coating: Silver with CaF between blue and sreen 
Ambient Temperature: 22.6 C. Mercury lines 
Mass of Load: 573.3 em. 
h (1/n*) x 30° t 7 
(microns ) CMe (sec, ) ae 
4.909 AGL5 @) @) 
An 1 26 ysis, 2 if 
4.543 A.o5 AS 2 
4.360 See ies!) 2 
4.177 Deo 11 4 
3.994 6.27 14.5 5) 
360 bl 6.88 NG 6 
3.628 7.60 #285 7 
AAS 8.43 Eog5 8 
3.262 940 34.5 , 
3.079 nue Sisis Beeo 10 
2.896 11.92 53 1a) 
2.805 ut gyal 61.5 5 
2e713 13.58 (ae it? 
2022 bare) 89.5. 12.5 
oo LES ae 316.5 Ee Sameer es, 
Oil: £20 S. A. E. Ambient Temperature: 
Mirror Radius: 1.27 cm. Mass of Load: 105.5 «am. 
Mirror Coating: Silver with CaF 
7.691 1.69 0 6) 
eu ( les ‘| 1 
Tese3 1eSK 14 2 
7-140 1.96 22 3 
Gee 50 20 BO 4 
6.773 2.18 40 5 
é 6.589 2.30 50 6 
e405 2.44 60.5 ii 
O.2g2 2658 ie 8 
6.038 2.74 87 3 
5855 2.92 102 10 
OP bre 120 su 
5.487 Sale bye 12 
5-304 3.56 166 irs 
5.120 3.8 198 1A 
4.937 41 241 15 
4.753 4.43 a5 16 
4.661 4.60 389 16.5 
4.569 4.179 535 17 Ges 
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APPENDIX II 
TABULATED DATA ON TRANSIENT BRHAVIOR OF LUBRICATING OILS 


Gide .f20 S. Ae 

Mirror Radius: 1.27 cm. 

Mirror Coating: Silver with CaF 
Ambient Temperatures 23.5 C. 
Mass of Load: 1157.8 om. 


n= fringe order 

N = total number of fringes 
between blue and green 
Mercury lines 





h (Vee or” : 
(microns ) (om) SQC. a N 
aay pl 2.18 O 0 
6.594 2.30 6 1 
6.410 2.43 13.5 2 
6.226 2.58 o1 3 
6.043 ya 29 4 
5-859 2.91 39 5 
5.676 3.12 50 6 
pe 492 332 62 af 
5-308 a. 55 78 8 
5.125 3.81 98 9 
4.758 4.42 157 (a 
4.574 ao 206 12 
4.390 5.19 230 13 
se0T 5.65 312 14 5.8 
3.917 6.52 463 5-4 


ii: #208. A. BR. 
Mirror Radius: 1.27 cm. 
Mirror Coating: Silver with CaF 


Ambient Temperatures 22.5 G. 
Mass of Load: 197.0 gm. 


7.802 1.64 0 0 
7.618 (2 o 1 
1-434 1.81 4 2 
1-25 196 1 3 
7.067 2500 10 4 
6.884 oa) ne 5 
6.700 2 28 16.5 6 
6.516 2.36 21 7 
6.333 2.49 26 8 
6.149 2.65 31 9 
5-966 Pes 36.15 10 
5-782 2.99 43 ila 
52598 a 79 50 12 
Deel} 3.Al 60 13 
jecoe 3.65 Va 14 
5.048 3.93 91 15 
4.864 4.23 126 16 
4.680 4.57 231 17 
4.589 4.75 492 ATs 
40497 4.95 1415 18 6.2 





APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 
Oil: #20 S. As EF. n= fringe order 


Mirror Racius: 1.27 cm. N = total number of frinces 
Mirror Conting: Silver with CaF between blue and creen 
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Ambient Temperature: 23.4 CG. Mercury lines 
Mass of Load: 283.4 .m. 
h (Wy) egos? | ae ‘ 

(microns) __ (om, “) (seen, Mil x 
9.507 eae O O 

Dance Lets 1 Hh 

9.140 ee 2 2 

8.957 1.25 3 . 

8.773 Lae 4 A 

8.589 1.36 5 5 

8.406 1s42 q | 6 

8.222 1.46 9 T 

8.039 ie oD 11 8 

TODD 1.62 13 9 

Tootd 1.70 15 10 

7.488 gis: 17 11 

1904 aot 19 ie 

7-121 1.97 22 aL 

6.937 2.08 25 14 

6.753 2.19 28 15 

i On 570 aege Beas) 16 

6.386 2.45 35 i 

6.203 2260 39 18 

6.019 2.76 43.5 19 

Dees) 2094 48.5 20 

Sous 3.13 54.5 2l 

5.468 3.25 Mas 22 

Die > Bio 3) 69.5 2s 

52009 3.99 82.5 24.5 
4.917 4.14 89.5 25 

4.826 4.29 96.5 25-5 
4.734 4.46 108.5 26 

4.642 4.64 bis cia 2e.5 6.4 
4.497 4.95 844.5 6.2 





APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Oil; #20 S. 
Mirror Racius: 
Mirror Coating: 


A. Ee 
1.27 Civ. 
Silver with CaF 


n = fringe order 
N = total number of fringes 
between blue and sreen 





Ambient Temperature: 23 C. Mercury lines 
Mass of Load: 283.4 em. 

h (1/n*) x,10°° t . 
(microns ) (cm. ) (sec. ) ae 
10.007 1.00 0 @) 

9.323 Leod 1 1 
9.640 #200 2 2 
9.456 1. 22 3 3 
9.272 lote A. 4 
9.089 zal 5 5 
8.905 1.26 6 6 
on Ae T. 32 T i; 
8.354 hele) 10 9 
Cpl yl 1.50 1265 1O 
72987 IAS 14.5 Li 
7.804 Lod 6 a5 12 
71.620 AER 4 18.5 13 
7436 Leer 20.9 14 
ee 1.90 23 15 
7.069 2.00 209 16 
6.886 Ze 28 Ly 
be O2 Zees 30.5 18 
6.518 2.35 age 19 
6.335 2.49 37 20 
6.151 2ibA Ad 21 
5.968 Pow Ace) 22 
5.784 2299 50 23 
5.600 3.19 56 24 
5.417 3041 63 oy 
5.285 3.65 19 26 
5 3.78 102 26,5 
ale 3.08 76.7 
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APPENDIX If 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


@il: #20 S. A. B. n 
Mirror Radius: 1.27 cm. N 
Mirror Coating: Silver with CaF 
Ambient Temperature: 22.5 C. 

Mass of Load: 419.2 cme 


fringe order 
total number of rinves 
between blue and green 
Mercury lines 


nt it 








4.461 


33 


h (1/h°) x,10° t : 
(microns ) (com. _ (sec. ) = 
7.948 1.58 0 0 
Ta 765 1.63 1 1 
7.581 lg74 2 2 
72398 1.83 3 5 
T2214 1.928 4 4 
1O3al 2.02 6 5 
6.847 Danes 8 6 
6.664 2025 10 rf 
6.480 2.38 12 8 
6.297 aS 14 2D 
6.113 2.68 16.5 10 
52929 2.84 1955 11 
5-746 3.03 o2e5 12 
5.562 228 26 is 
5319 3.46 2965 14 
5.195 3.71 34 15 
5.011 3.98 39 16 
4.828 4.29 45 1 
4.736 4.46 49.5 17.5 
4,644 4.64 56 18 
4.552 4.83 69 18.5 
5.03 123 18.9 6.15 





APPENDIX ITI 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Oils 
Mirror Radius: 
Mirror Coatings: 


7O0 S. A. Es n= fringe order 
lene] cm. N = total number of fringes 
Silver with CaF between blue and green 





Ambient Temperature: 23.7 C. Mercury lines 
Mass of Load: 1176.3 am. 
h (1/n°) x,10"° t 
(microns) (com. (sec. } i 

7-453 1.80 0 @) 
7.086 1.99 a 2 
6.718 eae 2 4 
C85 Bary Nl 3 > 
6.351 2.48 4 6 

| 6.168 2.63 5 7 
5-984 LAG) 6 8 
5.800 2.97 tf 9 
5.617 Bist OA. 10 
Bat 33 3.39 10 il 
5 250 3.63 12 le 
5.066 3-90 LASS 13 
4.882 4.20 17 14 
4.699 4.53 20 15 
4.515 4.91 24 16 
4.148 5.81 34 18 
3.964 6.36 425 19 
3a 7ol 7.01 aa 20 
32597 te 3 68 Zu 
3.414 8.58 90 2he0 
34230 9059 fi58 22 
3.046 uO. 7S 3278 23 4.2 
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APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 





Oa): #20 S. A. E. Ambient Temperature: 23.0 C. 
Mirror Radius: .953 cm. Mass of Load: 6.42 em. 
Mirror Coating: Aluminym =: 

h (1/n*) x,10 + = 
(microns) (cm. ~) (sec. ) - 
tp~e355 Owse O O 
17.149 0.34 1.5 1 
16.966 Ob 3 2 
16.782 0.35 5 3 
16.598 0.36 8 4 
16.415 0.37 9 5 
16.231 0.38 Tet 6 
16.048 0.39 Ug T 
15.864 0.40 15 8 
15.680 On4d 18 9 
15.497 OF42 20 10 
15.313 0.43 23 11 
15.130 0.44 26 12 
14.946 0.45 28 13 
14.762 0.46 31 14 
14.579 0.47 34 15 
14.395 0.48 37 16 
UA g2 2 0.50 40 17 
14.028 0.51 43 18 
13.844 Og'52 AT HD 
1477 0.55 55 21 
13.294 0.57 59 jes 
LZ alate, 0.58 63.5 23 
12.926 0.60 68 24 
12.743 0.62 1 25 
12.559 0.63 78 26 
12.376 0.65 Cam 27 
125189 0.67 89 28 
12.008 0.69 95 29 
11.825 0.72 101.5 30 
1 S641 O74 108 fa 
11.458 0516 115.5 132 
e274 Gag 123 33 
11.090 0.81 132 34 
10.907 0.84 142 35 
Norges Omer 153 36 
10.540 0.90 166.5 37 
10.356 0.93 184.5 38 
LOGL1 2 0.97 206 39 
9.989 1.00 230 40 
9.805 1764 260 Al 
9.622 1.08 293 42 
9.438 1.12 336 43 
9.254 or Ly 388 44 
9e07 1 122 460 A5 
8.887 1327 539 46 

8.704 le 663 47 12 
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APPENDIX II 
TABULATED DATA ON TRANSTENT BEHAVIOR OF LUBRICATING OILS 





Oal: 20 S. Ay Be Ambient Temperatures 22.9 C. 
Mirror Radius: .953 cm. Mass of Load: 9.37 gm. 
Mirror Coating: Aluminym aug 
(1/h") x,10 t re 
(microns) (cm. (sec. } — 
iA om 0.3 0 0 
164583 0.36 ili 1 
16.400 0.37 ze 2 
Gee d 7 O.3e 3 3 
16.034 0.39 4. 4 
15.351 0.40 5 5 
15.667 0.41 6 6 
15.484 0.42 4 T 
Alay SiOn| 0.43 8 8 
15.118 0.44 9 9 
Dabs ES) 0.45 140) 10 
lee, 7 51. 0.46 11 11 
14.568 OAT 12 12 
14.385 0.48 ley BLS 
14.202 0.50 LS 14 
14.019 Ogos 17 BL 
13.835 Onb2 19 16 
13.652 0.54 21 17 
13.469 OS55 23 18 
13.284 Oe Si) 25 19 
13.101 0.58 Ze 20 
12.917 0.60 30 ol 
12eie4 0.62 3260 Ze 
ea aGyeal 0.64 35.5 es 
12.368 0.65 39 24 
Zo 5 0.67 Aes) 25 
125001 0.69 46 26 
11.688 O.f2 49.5 ol 
11.635 Ona 53 28 
11.451 0.76 57 29 
SIL ey 0.79 62 30 
11.084 0.81 67 31 
10.905 0.84 T2 32 
0, ee 0.87 71765 23 
10.538 0.90 83 34 
@% 354 0.93 90 35 
10.170 1.00 2 36 
9.986 1.00 104.5 B) | 
9.803 eee Lis 38 
9.619 aos 122 39 
8.835 1e2e Aue 40 
8.652 ese 142 Al 
8.468 Veoe Le 42 
8.285 1.46 169 43 
8.101 1.52 184 44 
| 1.56 201 45 
72804 1.64 ae 46 
7.620 Tete 244 AT 
70437 1.81 210.5 8 
Tee 3 1.90 302 49 OG 
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APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 





@il: #20 S. mh ®, Ambient Temperature: 23.0 C. 
Mirror Radius: .953 om. Mass of Load: 105.8 gm. 
Mirror Coating: Alumin 6 
h /e*) X,,10° " = 
(microns } (om. (sec. ) Slee 
10.805 O. O 0 
10622 0.89 6.5 1 
10.438 0.92 1 2 
10.254 0.95 eG, 3 
, LOg07l 0.99 2 4 
9.887 1.02 5 2) 
9.704 1.06 4 6 
9.520 1 sO 5) 1 
9.336 SS 6 8 
9.153 1.19 T 9 
8.969 bae4 8 10 
8.786 1.30 9 7) 
8.602 a) 10 12 
8.418 Lak pig 13 
8.235 EM is 12 14 
8.051 1.54 13} ley 
7.868. 1.61 14 16 
7.684 1.69 i Tow 
7-500 la7fe 16 18 
Tee T i ¢o7 18 19 
7Te133 1.97 21 20 
6.950 220] eo 21 
6.766 2el9 25 22 
6.582 2 pl 28 23 
6.399 2044 30.5 24 
6.215 2259 34 25 
6.032 2m} 38 26 
5.848 2092 Al eM | 
5-664 3.12 46 28 
50481 3233 51 By 
5.2971 3a50 56.5 30 
Sea 4 302 63 Bee 
4.930 4.12 70 Bie 
4.746 4.44 78 a5 
4.563 4.80 87 34 
4.379 Sa22 98 BN) 
4.196 5.68 Lie 36 
4.012 6.21 124 24 
3.828 6.82 142 38 
3.645 lao3 162 39 
3.461 i 186 40 
3.278 9.31 216 Al 
3.094 10.45 248 42 
22910 lige 294 43 
ct pal 1305 346 44 
2543 15.46 Al A5 
2.360 17.96 506 46 
2.176 PE 634 AT 3.0 


Zi 





APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Oils #20 Se An Be 

Mirror Radius: .953 cm, 
Mirror Coating: Aluminum 
Ambient Temperature: 23.1 C. 
Mass of Load: 109.9 gm. 


n= fringe order 

N = total number of fringes 
between blue and green 
.Mecury lines 
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h (a/n?) x10 : 
(microns) (cm. “) (sec.) 7 
8.929 1.25 0 0 
8.745 ate 1 1 
8.562 1.36 2 2 
8.2378 1.43 3 3 
8.194 1.49 4 A 
Gua 2 Lede 5 
T.OeT 2.63 6 6 
7-644 1.71 8 T 
7-460 1.80 10 8 
12276 1.89 is 86S 
7.093 1.99 145 10 
6.909 2.10 16 ial 
6.726 eg 18.5 12 
6.542 2 am 20.5 jue 
6.358 2.47 23.5 14 
62275 2.62 a6e5 15 
5-991 2019 30 16 
5.808 2.97 34 17 
50624 3.16 38 18 
5-440 3.38 42.5 19 
5-257 3262 AT 20 
5.073 3.89 > 21 
4.890 4.18 59 22 
4.706 4.52 66.5 ‘a 
4.522 4.89 7465 24 
42339 5031 85 25 
4.155 Die 535) EF 
3-972 6.34 107 27 
3.788 6.97 121.5 28 
3.604 7270 140 29 
3-421 &..55 167 30 
32237 9.54 204 oe 
3.054 10.72 257 32 
2.870 12.14 347 25, 

2.686 13.86 485 34 307 





APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 
Oils; #20 S. A. E. n= fringe order 
Mirror Radius: .953 cm. N = total number of fringes 
Mirror Coating: Aluminum between blue and green 





Ambient Temperature: 23.1 0C. Mercury lines 
Mass of Load: 145.2 gm. 

h (1/h°) x s0-° . 
(microns } (cm. ~ ) (sec. } - 
9.507 1.02 0 0 
9.704 1.06 0.5 1 
9.520 bee 1 2 
9.336 1.15 15 3 
9.153 1.19 2 4 
8.969 1.24 3 5 
8.786 1.30 4. 6 
8.602 1.35 5 1 
8.418 1.41 6 8 
8.235 1.48 7 9 
See5l 1.54 8 10 
7.868 lee61 9 11 
7-684 1.69 10 12 
7-500 Le78 11 13 
Tegel 1.0] 12 14 
71833 1.97 13.5 yt 
6.950 2.07 15 16 
6.766 2019 16.5 Ny 
6.582 2e3l 18 18 
6.399 2244 20 19 
6.225 2059 22 20 
6.032 Cot 24 21 
5.848 2092 21 22 
5.664 Sale 29.5 
5-481 3653 32 24 
5-297 3.56 26 25 
5.114 3,82 40 26 
4.930 4.12 44 an 
4.746 4.44 49 28 
4.563 4.80 55 eo 
4.379 5222 61 30 
4.200 5.68 68 Bl 
4.102 6.21 76 32 
3.828 Gee2 86 33 
3.645 (Se) 98 34 
3.462 O25 112 35 
378 9.31 129 36 
3.094 10.45 149.5 el 
2910 Tea 175 38 
2012 13.45 209.5 ay 
2543 15246 255 40 
2.360 17.96 Bly 41 

2.176 vag We 52 426 42 3.0 


29 





APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Gils FeO S. Ae Be 
Mirror Radiuss .953 cm. 
Mirror Coating: Aluminum 


n = fringe order 
N = total number of fringes 
between blue and green 
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Ambient Temperature: 22.3 C. Mercury lines 
Mass of Load: 163 ® 5 £7) o 
h (1/n°) x,10~° t ‘ 
(microns) (ome ibe) =) 
8.602 pS 0 0 
8.418 1.41 0.5 7 
8.235 led i) 2 
8.051 1.54 15 3 
7.868 Ge 2 4 
7-684 1.69 3 5 
7.500 1.76 4 6 
foot 1.87 5 T 
6.950 Cee ‘ 9 
6.766 2s 8 10 
6.582 2 ane 9 Ll 
6.399 2044 0. 2 
Gaels 2.59 13 Ws 
6.032 2.75 15 14 
5.848 2.92 17 15 
5.664 Sga2 19 16 
5.481 3.41 21 17 
Sell 3.56 235 18 
Serer 4. a.e2 2605 19 
4.930 4.212 29.25 20 
4.746 4.44 a3 21 
03 4.80 oH| ae 
4.379 5222 41.5 25 
4.196 5.68 AT 24 
2 onl Cat 54 25 
3.828 6.62 62.5 26 
3.645 7.53 ie 27 
3.461 8.35 84.5 28 
3.278 9.31 101.5 ey, 
BYP Ksle - 9,86 L165 2925 
3.094 OAS 120.5 30 
3.002 sul, ae 132.5 30.5 
2690 Tisol £a5 25 31 
2.819 12.59 162.5 31.5 
2el2l 13.45 188 BZ 
22635 14.41 208.5 Sea 
2.543 15.46 23255 33 
2.451 16.64 258.5, 33.5 
2.360 17.96 291.5 34 
2.268 19.45 330.5 34/5 
eupalg (fe Eleue 371.5 ois, a0 





APPENDIX ITI 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Oil: “30S. &. E. Ambient Temperature: 23.8 C. 





Mirror Radius: 1.27 cm. Mass of Load: 283.4 em. 
Mirror Coating: are * owith Cag 
h (1/n° ) x,10 t N 
(microns) (om. -) (sec. ) ae 
oS9T] de @ 0 0 
8.713 1.32 a i 
8.529 lS 2 2 
8.346 1.44 3 3 
8.162 1.50 4.5 4 
(e919 1.57 6 5 
12795 1.66 hed 6 
7.611 1.73 10 id 
1-428 Ig 1 L2 8 
eee. 1.91 14 9 
Wao 2.01 16 10 
6007 2212 u8'.5 init 
6.693 2023 an 12 
6.510 2036 2305 13) 
6.326 2850 ra | liga 
6e148 2.65 30 LS 
52959 2.82 34 16 
5.408 3.42 47 19 
5.225 3.66 5 20 
5.041 3.94 58 21 
4.857 4.24 65 22 
4.674 4.58 12 23 
4.490 4.96 81 24 
4.307 5039 on sp) 
mh. 1235 py oie: 161.5 26 
Bl Bh, 6.44 ge, 27 
32756 1209 130 28 
a. 2 7.84 ESO 29 
3.389 Sai LS 30 
31297 9.20 186 B0.5 
3.205 9.74 202 S) 
eye dirs 10.32 219 8i65 
3.021 10.96 239 32 
2930 1165 260 325 
2.838 12.42 288 33 
2.746 13.26 318 3.5 
2 J654 140 352 34 
2.562 LHye3 398 34.5 : 
20h 1 16.38 440 35 
2.287 19.12 553 36 
22195 20.75 633 3635 
221053 22.60 720 34 29 
2.012 24.71 834 37-5 
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Oil: 


Mirror Radius: 
Mirror Coating: 


APPENDIX If 


TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 
#30 S. A. E. 


A Preble 
Silver with CaF 


/n“)g107 


(cm. 


h (i 
(microns) 
10.758 0.86 
105i 4 0.89 
10.390 0.93 
H®). 207 0.96 
16,023 gO 
9.840 03 
9.656 1.07 
9.472 ays al 
9.289 mE AUS 
9.105 Teer 
8.922 La26 
8. 130 be3l 
B. 994 lage] 
S971 1.43 
8.187 1.49 
8.004 1.56 
TeO20 oe oy 
7-636 Tee 
eek) 3 1.80 
7-269 1.89 
7.086 1.99 
6.902 2.10 
6.718 2e2l2 
t b555 ooo. 
6.351 2.48 
6.168 2.03 
5.984 2079 
5.800 2.97 
5.617 bes 
Datos 3239 
S38, 3.63 
5.066 3.90 
4.882 4.20 
4.699 4.53 
Ate aS eo 
4.332 BES: 
4.148 Bom 
3.964 6.36 
3.781 7 #9 
Lees Te7T3 
Bacar 8.58 
Bec 50 9-59 
3.046 16276 


Ambient Temperature: 
Mass of Loads: 


ee ee ee 
RE RERES coronene | - 


41 
42 


Clel Gr. 
419.2 gm. 











APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Oils 730 S. & Ambient Temperatures 22.9 C. 





Mirror Radius: 1.27 om. Mass of Load: 573.3 sm. 
Mirror Coating: Silver with CaF 
h (1/n®) aor? t 2 
(microns ) (cm. *) (sec. ) sar 
9.569 1.09 O O 
9.385 1,14 1 i 
9.201 np Re. e 2 
9.018 eo 3 é) 
8.834 lage 4 4 
S65) 1.34 5 5 
8.467 1,40 jp 6 6 
Ba203 1.46 7 7 
8.100 ee 8 8 
7-916 1.60 9 9 
Tel35 myo) 10 10 
7-549 1.76 1.5 Tae 
7365 1.84 1 2 
Teo? 1.94 LAS 1L3 
6.998 2204 16 lye 
Geel5 2 ob 18 15 
6.631 2 Bae 20 16 
6.447 2041 22 aly 
6.264 2455 24 18 
6.080 2otl 26.5 19 
5.897 2.88 26) 20 
egies 3.206 32.5 21 
Doge? Seed CO) 22 
5.346 350 by, 23 
Sic Hey Bre 43 24 
A.9T9 4.03 48 25 
4.795 4.35 De 26 
ono) 4.70 58.5 27 
4.428 Sei 65 28 
4.244 5056 Woh 29 
A061 Our 80 30 
Be Og 7 6.65 89.5 31 
3.693 toa 201 32 
Be 0) ap 115 33 
shyilabe 8.56 Ile > 34 
3.326 9.04 W2a5 eae) 
3.234 9.56 155 35 
045 10,3 170 B65 
S\ Aeisae 10.74 188 36 
22959 llv42 212 Bo. 
2.867 12.16 Zoe) Bal 
2.7115 pr oT) 296.5 SWicee. 
2.684 13.89 404 38 Sef 





APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Oils #305. A. E. 

Mirror Radius: 1.27 cm. - 
Mirror Coating: Silver with CaF 
Ambient Temperature: 23:6 C. . 
Mass of Load: 721.4 gem. 


n= fringe order 

N = total number of frinses 
between blue and green 
Mercury lines 





64 


h (i/n-) eons 4 
(microns) Mona?) SEC. moe N 
7.031 2.02 0 0 
6.848 2013 al lL 
6.664 2525 2 2 
6.480 2.38 3 3 
6.297 2.52 a5 A 
6.113 2.66 6.5 5 
5.930 pars 8 6 
5.746 A085 10 7 
5.562 BAS 12.5 8 
Seto 3.46 16 9 
Berle Binge 18.5 10 
5.012 3.98 22 lil 
4.828 4.29 25.5 12 
4.644 4.64 29 13 
4.461 5.03 35 14 
A.271 5-47 38 Ths) 
4.094 et 43 16 
3.910 6254 49 ay 
3.726 Ta20 56.5 18 
3.543 1-97 65 ay 
SS Seb, 886 74 20 
3.176 9.92 86 21 
2.992 ay 100 22 
2.808 12.68 ahi! 23 
2.625 14.52 138 24 
2Pao3 15.59 151 Paes 
? sed 16.78 166.5 25 
2349 18.12 183 25.5 
2.258 19.63 203 26 
2.166 2teee 226 26.5 
20014 23.25 252.5 27 
1.982 25.46 284 27.5 
1.890 21299 324 28 
1.799 30.92 By | 28.5 
Lane 34.33 454 29 
1.615 38.35 581 29.5 
e523 ney Jul 831 30 1 








Oils: 


Mirror Radius: 
Mirror Coatings 


APPENDIX II 


TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


#730 S. A. EK. 


h 
(microns) 


11.889 
11.705 
Vigo) 
11.338 
11.154 
bho). Sypal 
106707 
10.603 
10.420 
10.236 


5646 
5-463 


5.095 
4.912 
4.223 
4.545 
4.361 
Wl igi 
3.994 
3.810 
SON pike: 
5.627 


«9530cms 
Aluminum 


(1/n°) X,10- 


CMe 


MrHrHOOODOO0CO0CO 
e e e al e ® « e * e @ e 
rODWD0 DDDOA 
HIWONNO AW O © 


a 
a 
WN 


ee e@ e @ @ 
Comoro On 


ee e e 
AIAHPWNH ODO OAAAN 


WWWNHNONNNNNYD KY RPK KE 
e e @ 
WHO 
OP EAIO AW O @ 


LJ 
“ 
SOW 
\J1 NO 


Aoi 


S&S 
LS 
a) 


4.84 
5426 
5013 
ira |) 
6.89 
7-23 
7.60 


Ambient Temperature: 
Mass of Loads: 


c+ 


a) 
r¢) 
©) 


Oo COA AUIS WH FO 
WO OA NH WN FF © | =) 


WWWWNN MN MPM PY NMDA BK PHBH Yee 
WMH OVO OJ AWB WPF OVO OANnAUAR WN Fb O 


34 
35 
36 
37 
38 
39 
40 
Al 
42 
43 
44 
44.5 
45 


Zeta 
95.8 gm. 





5.0 





APPENDIX II 
TABULATED DATA PN TRANSIENT BEHAVIOR OF LUBRICATING OIL 
Gly #30 3. ke Ie Ambient Temperature: 23.4 C. 
Mirror Radius: .953 cm. Mass of Load: 163.5 om. 
Mirror Coating: Aluminum 
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h (1/n*) x,10°° t . 
(microns ) (em. (sec. ) + 
11.855 0.71 0 0 
1ie671 0.73 O65 ih 
11.487 0.76 1.0 2 
Tl > 304 On 78 Dect 3 
14, 126 O76 2a0 4 
10.937 0.84 2a 5 
TO 3 Ofoq ms, 6 
10.569 0.90 Eo) dq 
10.386 0.93 4 8 
10.202 0.96 °. Z, 
10.019 1.00 6 10 
9.835 Le03 1 ll 
9.651 l aey 8 12 
9.468 baile f°) il) 
9.284 1,16 10 14 
9.101 yi 11 15 
8.917 126 12 16 
Ona 53 pape: yl FS a 
8. 550 137] 15 18 
8.366 lesa 3 16 19 
72999 1256 19.5 21 
7.815 1.63 21.5 22 
7632 liv? 3.5 23 
Tells Jeo 2505 24 
7.265 1.90 Wr5 38685 
7.081 2.00 80,5), wo 
6.897 2.10 CA meee Cal 
6.714 222 BGn> 28 
6.530 4455 39-5 “29 
6.347 2.48 43.5, 30 
6.163 2.63 46.5 31 
oy (he 2.80 en 32 
5-796 2.98 5he'~ 5) ee 
5.612 3.18 60.5 34 
52429 BO De, 66.5 35 
52245 3.64 130 36 
5.061 3090 81/5 37 
4.878 4.20 90.5 38 
4.694 4.54 100.5 39 
A511 4.92 142.5. 40: 
Aae | 5-34 126.5 41 
AahA3 5.83 142.5 42 
3.960 6.38 Los» 43 
Bis 7.01 198.5 44 
3 993 7215 agee> 45 

3.409 8.61 33565 46 4.7 








APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 





Oil: #50 S. APs. Ambient Temperature: 22.8 C. 
Mirror Radius: J.27 cm. Mass of Load: 105.5 gm. 
Mirror Coating: art. with Cap 
h (1/n° ) x10 t a 
(microns ) C7 (sec. } = 
10... 76 0.37 e) 0 
10.533 0.90 2D i 
10.350 0293 6 2 
nO ow 0.97 eS, 3 
9.984 1.08 Tei A 
9.800 eG lig 5 
9.617 14,08 22 6 
9.434 Leake 27 7 
Ge25. 1.17 32 8 
9.068 1.22 a7 9 
8.884 Ver) A 5 ee LO 
Sor Le3e 49 el: 
8.518 ASS SS) i2 
@.335 ee 63 18 
&.152 1.51 a 14 
7.968 less 80 15 
Tato 1365 89 16 
7.602 Lie 99 17 
{dy , see TG. 18 
To PS Loge 123 19 
e052 20) ney | 20 
6.961 2.06 145 20.5 
6.869 Pel2 a2 ol 
6.778 2.18 160.5 2D 
6.686 gee 169.5 22 
6.594 2230 178 BaP sag 
6.503 Ceo 188 23 
6.411 2043 193.5 205 
§.320 7.50 PAG) 24 
6,228 240 222 eae 
6.136 250G 22 25 
6.045 2.14 248 25-5 
De 953 2,82 263 26 
5.862 2.88 216 20.5 
5.678 3.10 312 27-5 
5.587 3.20 Bow 28 
5-495 Bye 354 28.5 
5-404 3243 il 29 
5) 3.54 a9 29.5 
5.220 3..67 423 30 
5.129 3.80 449 3065 
5-037 3.94 419 31 
4.946 4.09 5 ma Sus. 
4.854 4.24 544 32 
4.762 4.41 582 32.5 
Ags jal eS I 626 ip 
4.579 nay 748 33.5 
4.488 4.97 876 34 6.2 
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APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Ord; 450 S. A. Es 

Mirror Radius: 1.27 cm. 

Mirror Coating: Silver with CaF 
Ambient Temperature: 23.0 C. 
Mass of Load: 197.0 gm. 


n= fringe order 

N = total number of fringes 
between blue and green 
Mercury lines 
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h (1/h?) x,10° . 
(microns) _ (om.”*) (secs) 7 

9.694 1.064 0 ) 
9.511 Tw Td 4 1 
9.328 aie: 8 . 2 
9.144 1.20 12 3 
8.961 1.25 16 4 
8.778 1.30 21 5 
8.595 ale ey 26 6 
8.412 sears 32 7 
8.228 143 38 8 
8.045 US 44 9 
12862 De6e 50 10 
1.679 1.70 58 Gl 
7.496 1.78 66 2 
Te31P 1.87 75 13 
7129 1.97 Sa FLA 
6.946 256071 95 15 
6.763 2.19 106.5 16 
6.580 2. all 120 7 
6.396 244 13465 18 
6.213 2.59 150 19 
6.030 Yar |S: 168 20 
5.847 2.93 188 21 
5.664 a2 Pull 22 
5.572 3622 223 22.5 
5.480 aoe 236.5 23 
5.389 3.44 250 23.5 
5.297 3.56 266 24 
5.206 3.69 282.5 24.5 
5.114 3.82 29945 8925 
5.022 3.96 Ce 5) 
4.931 veil I 338 26 
4.839 4.27 359 26.5 
4.748 4.44 383 27 
4.656 4.61 All 27-5 
4.564 4.80 442 28 
4.473 5.00 482.5 28.5 
4,381 Biol 530 29 
4.290 5.43 620 29.5 
4.198 5.67 1026 30 5.8 





APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 





Oil: #50 S. A. E. Ambient Temperature: 23.0 C. 
Mirror Radius: 1.27 cm. Mass of Load: 283.4 gem. 
Mirror Coatings: Silver with CaF 
h (1/n°3 x,107° t : 
(microns } (cm. ] (sec. ) ho 
11.189 0.79 O 0 
11,005 0.83 2 a 
10.922 0.84 4 2 
10.739 0.87 4 6.5 3 
10.556 0.90 9 4 
NOS3 (3 0.93 12 5 
10.189 0.99 15 6 
10.006 1504 18 A 
9.823 1.04 eu 8 
9.640 1.08 24.5 9 
9.457 Leake 28 10 
9.273 mes Slo eel 
9.090 Veer Sica) aay 
8.907 1.26 40 as 
8.724 NEA eat 44 14 
8.541 Teo 49 15 
8.357 1.43 54 16 
8.174 50 DO a eT 
7-991 ners 65g ue PO 
7-808 1.64 T2 19 
72625 ene 19 20 
72441 1,84 87 21 
7.258 1.89 95 22 
sO > 2.00 104 23 
6.892 rag 114 24 
6.709 Qeee 124 25 
6.525 2.35 136 26 
6.342 249 aoe) Ved 
6.159 2.64 164 28 
5-976 2.80 VPoeo 629 
om 195 2.98 19TH 8630 
5-609 3.18 218 31 
5-426 3240 241 Bie 
paces 3.64 267 ae) 
5.060 3508 296 34 
4.877 4.21 329 35 
4.693 4.54 367 36 
A520 4.92 Aah out 
aoe l 5-34 Asi 5 «8©= «38 
O44 502 Gae.5 39 
3.961 6.38 5 al 40 
3. PT 7-01 678 41 
3.594 ate ie 42 
Beal 8.60 885 43 
3.228 9.63 1018 44 
3.045 10.79 1179 A5 
2.861 ie ql 1303 46 
2.678 13.94 1732 AT See 


69 








APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 





Oil: #50 S. A. EB. Ambient Temperature: 22.9 C. 

Mirror Radius: 1.27 cm. Mass of Load: 573.3 om. 

Mirror Coating: Silver with CaF 
h (1/n°) x,107° t 

(microns) (cm. “) (sec. ) ea 

9.761 1.09 0 0 
9.578 1.09 1 1 
9.394 1.3 2 2 
9.211 ws 3 3) 
9.028 hace 4, 4 
8.845 1.28 5 5 
8.662 1 6 6 
alarlyis le 39 ch ri 
8.295 1.45 8 8 
8.112 1.52 9 9 
7-929 1.59 te 10 
7-746 1.67 13 ae: 
72562 ip 15 12 
7-379 1.84 ats) 13 
7.196 1.93 19 14 
7.013 2.03 21 15 
6.830 2eL5 23 16 
6.646 2.26 25 Ly 
6.463 239 28 18 
6.280 254 32 19 
6.097 2.69 36 20 
5.914 2.86 40 al 
ye {| 30 3505 AS ee 
5-547 3.25 50 23 
5.364 3.48 pe. 24 
5.181 Sas 61.5 25 
4.998 4.00 69.5 26 
4.814 4.32 78 27 
4.631 4.66 88.5 28 
4.448 5-06 9955 Co 
4.356 Deer 105.5 2965 
4.265 5 «50 112.25 30 
4.173 5674 120 30.5 
4.082 6.00 128.5 aul 
3.990 6.28 187 31.5 
3.898 6.58 147 32 
3.807 6.90 Lo e.5 
3.715 7225 169 33 
3.624 7-62 182 35.5 
3.532 8.02 199 34 
3-440 8.45 210 BA 
32349 8.92 241 35 
See 9.43 367 3535 =~ 
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APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 
Oils #50 S. Aw & Ambient Temperature: 22.9 C. 
Mirror Radiusk 1.27 cm. Mass of Load: 419.2 com. 
Mirror Coating: Silver with CaF 





il 


h (1/n°) x,10°° t . 
(microns } (cm. _ (sec. } a 
10.397 0.93 6 O 
Gi Ia 0.96 1 ih 
10.031 0.99 2 2 
9.848 1.03 3 3 
9.665 alec iy! A 4 
9.481 1.07 A 4 
9.298 saat p 5 5 
9.115 ae aks 6 6 
8.932 1.20 8 W 
8.749 1.25 10 8 
8.565 aul We 9 
Oa3ee 1536 14 10 
8.199 2 16 a 
BiO16 1.49 18 12 
12833 1.56 20.5 13 
7649 1.63 pe 14 
4 Ate ea ia 26 15 
7-283 1.79 29 16 
iis LOO 1.89 32 li 
oe 917 1.98 36 18 
6.733 2.09 40 19 
6.550 Pa 44 20 
6.367 2.52 49 a 
6.184 2.47 54.5 22 
6.001 2.62 60 23 
5.817 PAR S| 66 24 
5.634 als 80 26 
Doel Seon etal 27 
5.268 3.60 98.5 28 
5.176 3.73 104.5 28-5 
5.085 3.87 110.5 9 
4.993 4.01 ee 5 29.5 
4.901 AAG 1k Yes 30 
4,810 4.32 Te. 5 30.5 
4.718 4.49 139.25 oul 
4.627 4.67 148.5 31.5 
4.535 4.86 153.5 32 
4.443 5-07 169.5 265 
B32 5.28 180.5 a3 
4.260 5.51 191.5 33.5 
4.077 6.02 220.5 Syl ss 
3.985 6.30 238 35 
3.894 6.60 261 a5 
3.802 6.92 295 36 
yee Tees 346.5 3655 
3.619 ys 563.5 37 5.0 








APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 





671; #50 Se A. B Ambient Temperature: 23.0 C. 
Mirror Radius: 1.27 cm. Mass of Load: 721.4 gm. 
Mirror Coating: Silver with CaF 
h (ifn?) x,107° - 
(microns) _ (om “) (secs) _2 
#0, 552 0.90 O 0 
10.368 0.93 On i 
10.185 0.96 1 2 
10.002 1.00 15 3 
9.818 2304 2 4 
9.636 OO 3 9 
99452 V, 12 4 6 
9.086 es 2a: 6 8 
8.902 1.26 fi 
8.719 1.32 8 146 
8.536 1eot 9 1a 
8.353 LES as 10 L? 
Seel70 1.50 iia 13 
7-986 Loy) 12 14 
72303 1. 6a 14 iS 
1 a@Z0 ent 2 1535 16 
Leto ifek als 17 
Pees | 1.90 19 18 
74070 2.00 Pays: 19 
6.887 2k 24 20 
6.704 2.28 26.5 2l 
6.521 Be 50 29 22 
6.338 249 32 23 
6.154 2.64 30m 24 
5.971 2 onl 39 25 
5.788 2.98 43 26 
5-605 3610 Ald) 27 
5-422 3.40 ye 28 
5.238 3.64 57-5 29 
5.055 3.91 63.5 30 
BGTe Ason 70 3a 
4.689 hy 78 32 
4.322 5235 96.5 34 
4.2139 584 107.5 35 
3.956 6.38 121 36 
36173 7-03 137-5 Sit 
32590 7216 L145 38 
3.498 Oe? 157 35 38.5 
3.406 8.62 169 39 
3-315 9.10 13.5 wee 
3.223 9.63 203 AO 
bin sy 10, 20 238.5 A055 
3.040 10.82 502 40.9 4.2 


Me 





APPENT IX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Sile #50 S. ds ©. 

Mirror Radius: 1.27 cm. 

Mirror Coating: Silver with CaF 
Ambient Temperature: 22.8 C. 
Mass of Load: 9881.7 <m. 


ns«= fringe order 

N = total number of fringes 
between blue and green 
Mercury lines 
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a 
h (ifn?) x,10°° s 

(microns ) (cmo (sec. ) = 
8.030 1.55 O 0 
yi evalg| 1.62 0.5 i 
7-663 IPA 760) 1 2 
7.480 1.79 AAS 2 
7.297 1.88 2 4 
7.114 1.98 3 5 
6.931 206 4 6 
6.147 2c20 5 7 
6.564 2.32 6 8 
6.381 2.46 7 9 
6.198 2.60 8,5 10 
6.015 2G 9 11 
5.831 ey 10.5 12 
5.648 aed 1 13 
5.465 3.35 A254 
56282 3.56 16.5 15 
5.099 3.85 ao 16 
4.915 kes ata 21.5 17 
4.732 4.47 245 18 
4.549 4.83 265 19 
4.366 5625 3.5 20 
AeATS Sry {6 3725 aL 
3.994 6.27 A2.5 22 
B2011 6.88 50.5 23 
3.628 7.60 59.5 24 
3.445 8.43 68.5 25 
3.262 9.40 81.5 26 
Sel7 0 9.95 88.5 26.5 
E2076 LLOR SS 99-5 ot 
2.987 ie) nal, 28.5 
2.895 11.93 160 28 4.0 





APPENDIX II 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 
Oil: #50 5S. A. B. 


Mirror Radius: 1.27 cm. 
Mirror Coating: Silver with CaF 


n = fringe order 
N = total number of fringes 
between blue and green 





Ambient Temperature: 22.8 C. Mercury lines 
Mass of Load: 1176.8 em. 
h (1/n°) x,107° 4 > 
(microns } (cm. _ (sec. ) we 
72991 5 Ps 0 0 
7.808 1.64 0.5 1 
f625 1.72 al 2 
7.441 Teal AG 3 
a2 5o 1.90 , 2 4 
R015 2.00 5 5 
6.892 2: 4 6 
6.709 2.22 5 7 
6.525 Cea 6 8 
6.342 249 15 9 
6.159 6.64 9 10 
52976 2.80 1Oe5 abe 
De) 2.98 12 12 
5609 By ihe 14 13 
52426 3.40 16 aA 
5.243 3.64 13.5 15 
5060 3.91 Pal. 16 
AeOTT Avew 24 17 
4.693 4.54 27 18 
Ae oe 4.92 oe 19 
4.327 Deo Soa) 20 
4.144 5.82 40.5 21 
3.961 6.38 46 22 
Bret | | 7.01 55 23 
32594 ee 60 24 
Sea1l 8.60 69.5 25 
3.228 9.60 80 26 
3.045 10.79 930) ei 
2.953 11.47 102.5 27.5 
26361 12a) BAS: 28 
mei {0 13.04 134 28.5 
2.678 13-94 210 28.8 aay 








Oils: #50 S. A. &. 


Mirror Radius: .953 cm. 
Mirror Coating: Aluminum 
h (1/n*) x,107 

(microns ) cm. 
Le. 413 0.65 
12.230 0.67 
12.046 0.69 
11.863 Oc 7m 
11.680 0.73 
11.497 O576 
Pel 4 ©.78 
ee 30 Ogoa 
10.947 0,84 
Wie] 64. 0.86 
10.581 0.89 
10.398 0.93 
TO. 214 0.96 
10.031 0.99 
9.848 108 
9.665 a07 
9.482 dal 7 
9.298 1.16 
9.115 1.20 
8.932 1.25 
8.749 lw3l 
8.566 1436 
8.382 Lad2 
8.199 1.49 
85016 1.56 
72833 1.63 
7-650 Le?i 
7-466 1.79 
72233 1.89 
1.800 1.98 
6.917 2209 
Gat 34 Zeal 
6.550 2633 
6.367 Zea: 
6.184 262 
6.001 Py ce’ 
5.818 2296 
5.634 Joel 
eA 51 Sut] 
5.268 3.60 
5.085 3.87 
4.901 4.16 
4.718 4.49 
A535 4.86 
4.852 5223 
4.169 Bie 
3.985 6.30 
3,002 6.92 
3.619 7-64 


APPENDIX If 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Ambient Temperature: 
Mass of Load: 


15 


6 


235 Ge 


95.8 gm. 


im e 
Boor ausrun re rs 


rE 
ND 


ed ed ee ed ed oe 
OY OWN & Ww 
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APPENDIX If 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 





Oil: #50 S. A. E. Ambient Temperature: 23.0 0. 
Mirror Radius: .953 cm. Mass of Loads 109.9 em. 
Mirror Coating: Aluminum 
=—6 
h (1/n°) x10 t 
(microns } / a 2 SCC. — 4 
11335 0.78 ) QO 
114150 0.80 2 a 
10.967 0,83 4 2 
110% 734 0.86 6 3 
10.600 0.89 8 4 
1, 417 0.92 10 5 
10.234 0.96 12 6 
10.051 0.99 16 a 
9.868 103 19 8 
9.684 1.07 22 9 
9.501 sip kels 25 10 
9.318 a 5 2005 Ll 
9.135 1.20 B2e) 12 
8.952 ee 5 36 13 
.8.768 1.30 40.5 14 
8.685 1.33 44.5 15 
8.502 P38 49.5 16 
8.319 1.45 Oa. 5 17 
8.136 nS sy 59.5 18 
1-952 1.58 65.5 19 
70769 1.66 t2 20 
72586 1.74 1 an 
7-403 1683 86 22 
T0220 1.92 IA 23 
72036 2.02 102.5 24 
6.853 eels M25 25 
6.670 2ee5 12235 26 
6.487 2.38 13365 esl 
6.304 2052 144.5 28 
6.120 2. on pists) iy 29 
50937 2.84 L735 30 
ee 4 3202 Nish eas 30 
Sia] 1 3622 207 32 
5.388 345 227 35 
5204 3.69 248.5 34 
5.021 3.97 27365 35 
4.838 4.21 300.5 36 
4.2655 4.62 3305 =| 
4.472 5.00 365-5 38 
4.288 5044 404.5 39 
4.105 5093 451.5 40 
32922 6.50 508i 41 
32139 Te15 562.5 42 
3.556 eu 633.5 43 
3aere 8.79 718.5 44 
3.189 9.83 821.5 45 
3.006 11.07 948.5 46 
2823 T2655 S55 41 309 





Oils: 


Mirror Radius: 
Mirror Coating: 


#50 S. Aw Be 
6953. Cie 


APPENDIX ITI 
TABULATED DATA ON TRANSIENT BEHAVIOR OF LUBRICATING OILS 


Ambient Temperatures 
Mass of Loads 


Aluminum 
h (ifn?) x,107° 

(microns) cme 
11.689 0.13 
11.506 0.7 
Le ge3 0.78 
11.240 0.81 
10.956 One3 
BROT) yg! 0.86 
10.590 0.89 
10.407 0.92 
peecc4 0.96 
10.040 0.99 
9.857 beaO3 
9.674 P07 
9.491 Loll 
9.308 WAS 
9.124 1.20 
8.941 1.25 
8.758 1.30 
515 ec 
8.392 eae 
8.208 1.43 
©) OPS) LeoD 
712842 1.63 
72659 Pea 
72416 ral, 
4292 locu 
72109 1.98 
6.926 2209 
6.743 eal 
6.560 Cenc 
6.376 2.46 
6.193 par sal 
6.010 2ell 
50827 2095 
5.643 Sen 
50460 BEES 
Beel ( 3.59 
5094 3.85 
4.910 4.45 
46727 4.48 
4.544 4.84 
£21.16 5013 
3.994 6.27 
aeors 6.89 
3.628 T3860 
30445 8.43 
3.262 9.40 
2.895 11.93 
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MO ct 
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® 
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wn 
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37 


Zoe C. 


169.7 gm. 
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APPENDIX III 


TABULATED DATA ON STABLE FILM THICKNESSES 


#20 S. Ae Ee O11 — Mirrors: 





e Silver With CaF, diewadt CMe Radius 
N 


M Ms/ R h 

Mass.of Nominal Load Total Time Under Stable Film 

(2m ) Pressure rringes Load Thickness 

. psi (microns) 

105.5 Oeis0 bell 14 hours 4.42 

203.4 0.80 6.2 87 hours 43,50 
1176.8 3658 2.8 1 hour 1.67 
1976.8 5056 1.9 1.67 hrs 1.36 
2684,8 «55 ie? ] hours ines 

105.5% 0. 30* 2.1% 5 min /* 1.52% 
#00 S. Ae Ee Oil —- Mirrors: Aluminum, Radius = .953 cm. 

Goll 0.03 aig Oe @ 2 hours 7.98 
311.0 1.56 2.1 18 hours 1.95 
471.9 P.36 2a3 4 hours 1.67 
76761 3.84 2555 2 hours 1.34 

TAT 56d fo 30 £2 17 hours Ocaq 
e156) mm . 38 1.0 4 hours Omnis 
167.1% 3.84% 1.1% 10 min.* 0.80% 

311.6% 1.56% 1.2% 10 min.* 0.87% 

6.4% 0.03* 1. 6* 3 hours* 1.16% 


#50 S. A. Ee Oil — Mirrors: Silver with CaF, Radius = 1.27 om. 
e565 0.30 Ze. 18 hours ee 


197.0 0. 348 

2B. 0°80 303 

419.2 2.18 3015 
7a. 203 pwc 
1176.8 3031 367 
1176.8 Bl al L.7 

1484.8 Asl] 1.8 

1884.8 5-30 nest 

26848 1255 eG 

197 .O* 0.55* 20 O™ 
105.5* 0.30* Colt 





BE, Oil — Mirrors: 






A. 


al. 5 
TO lel 3.84 
1075.1 538 
2g ira 11.38 
9.4% 0.05% 





14 hours 
15 hours 
20 hours 
14 hours 
16 hours 

3 hours 

1 hour 

1 hour 
6.5 hours 
72 hours* 
T2 hours* 


Aluminum, Radius = 


“Relaxation upon removal of portions of load. 


Cel 
2039 
Conn 
2018 
2.68 
lezs 
#30 
1.23 
Laks 
1.45% 
Leen 
































